Introduction
Indian Ocean (WIO) such as Mozambique, Madagascar (Mollion and Braud, 1993) , Tanzania (Msuya, 2007) and Kenya (Wakibia et al., 2006) . Seaweed farming has been widely accepted as an alternative source of livelihood in these countries (Msuya, 2007) .
While developing countries continue to use the popular fixed off-bottom techniques in shallow areas of the near shore environment (FAO 2015) , developed and developing countries have ventured into deep water cultivation techniques to maximize production of seaweeds. This approach has been triggered by poor production of seaweeds cultivated in shallow water environments associated with perennial infestation by 'ice-ice' syndrome (white and soft thallus), epiphytes, and herbivory. These challenges have been mostly observed in seasons characterized by high water temperature (Msuya et al., 2014) . As a result high disparity in production between regions due to diversification of culture techniques has been demonstrated (Buschmann et al., 2017) . For instance, in 2014, Indonesia recorded more than ten million tons of carrageenophytes, while in the WIO region, Zanzibar had the highest production of a mere one hundred thousand tons (Buschmann et al., 2017) . This scenario suggests that the farming techniques adopted has a direct impact on seaweed production. The deep water culture techniques require sophisticated materials such as motorised boats to access the farms in relatively deeper, stable and productive environments, as opposed to shallow water cultivation where farmers with low economic power access farms through walking at low tides. Although production statistics from other seaweed cultivating countries in Africa are scarce, limited production of carrageenophytes in the WIO region exists (Msuya et al., 2014) . The latest report has revealed that even with the diversification of culture techniques in developed countries, the present sources of cultivated eucheumoids have not met the volume demands of the existing seaweed processing industry (Buschmann et al., 2017) .
Recent studies have shown that relocation of seaweed farms from shallow water to deeper water environments reduced the risk of 'ice-ice' syndrome on these seaweeds thus improving their growth rate and biomass (Msuya et al., 2014) . However, the studies have not focused on identifying the best culture technique for adoption in deep water environments. This aspect forms part of the background of this study. Recognizing the fact that seaweed biomass production could also be affected by other factors such as the wind patterns (Hurtado et al., 2001 ) and water quality (Msuya et al., 2014) , the present study determined the growth rates of E. denticulatum and K. alvarezii cultured using two deep water culture techniques (FR and MB) on the southern coast of Kenya. The impact of these factors on farmed seaweeds was also investigated. The results from this study are critical in enhancing seaweed production strategies with a focus on formulating a sustainable national seaweed policy for Kenya to contribute to greater economic growth. 
Materials and methods

Study sites
The study was conducted for ten months in the intertidal areas near Kibuyuni (4.38S, 39.20E) and Mkwiro villages (4.40S, 39.23E) on the southern coast of Kenya (Fig. 1) . The two sites were sheltered from strong wave action and tidal currents by a fringing reef. The sandy substratum was colonized by seagrass species, Thalosodendron ciliatum, Thalassia hemprichii, Syringodium isoetifolium, and seaweeds, Glacilaria spp, Turbinaria spp and Sargassum spp. Echinoderms such as Tripneustus gratila and Echinometra mathei foraged within the seagrass beds and patchy coral heads. The two sites had been identified as suitable seaweed faming sites (Wakibia et al., 2006) . Pilot scale commercial farming of E. denticulatum and K. alvarezii existed in these areas which were promoted by the World Bank-funded Kenya Coastal Development Project (KCDP). The climate on the southern coast of Kenya is influenced by northeast monsoon (NEM) winds which blow from the northeast between December and March (kaskazi) and southeast monsoon (SEM) winds blowing from the southeast between May and October (kusi). The SEM is characterized by strong winds that are accompanied by low air and water temperatures and solar radiation, with the lowest tides being measured at night. Conversely, the lowest tides of the NEM are measured during the day, the winds are relatively weaker, air and water temperatures are higher and rainfall is generally low. There is a one to two month transition period between the NEM and SEM characterized by variable and weaker winds. The seasons significantly affect the chemical and physical conditions of coastal waters (McClanahan, 1988) .
Materials, cultivation techniques and growth experiments
Being a quantitative study, a completely randomized design (CRD) was used to assign stocked ropes for each of the two culture techniques at each site. Thirteen polypropylene ropes were used in each of the culture techniques; five ropes for each seaweed species, and three ropes as controls (without seaweed cutting). Fresh, young and clean seedlings of E. denticulatum and K. alvarezii were obtained from pre-existing seaweed farms at Kibuyuni and Mkwiro. To compare growth rates of the two eucheumoids, the seaweeds were cultured at these locations using FR and MB techniques, as illustrated in Figures 2 -6. The MB technique (Figure 4 ) was a hybrid of fixed off-bottom ( Figure 7 ) and FR techniques (Figure 8 ).
At each site the FR and the MB techniques were deployed at 5m and 1m water depths respectively, at low tide. The FR site was accessed by use of a motorised boat while the MB site was accessed by foot. The distance between the FR and the MB at Kibuyuni was about 30 m, and 5 m at Mkwiro. The FR and MB techniques used in the present study were modified from those described by Lirasan and Twide (1993) Plate 5.
Plate 6. Fixed off-bottom line seaweed culture technique.
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Plate 6. Fixed off-bottom line seaweed culture technique. hours using an autoclave. Following digestion, the samples were cooled and filtered using GFC (45 nm) micro filters. Using the same dilution factor, the samples were then diluted and their aliquots were calorimetrically analyzed using a QUAATRO autoanalyzer (UK).
Environmental parameters
Air and water temperature, salinity, water motion (diffusion factor), water nitrate and phosphates were determined at both cultivation sites. Water and air temperatures were recorded every two days at midday and the data was used to compute monthly temperature.
A maximum/minimum thermometer (TFA model, Germany) was also deployed at the sites during each culture cycle. Seawater salinity was measured at each site fortnightly using a refractometer (Atago model, Japan). Water motion (diffusion factor) was also measured fortnightly by the rate of dissolution of clod cards made from Plaster of Paris (POP) using plastic balls as molds according to a modified method of Doty (1971) .
Three replicates of POP balls were left in the water column at sites of each culture technique and retrieved after 24 hours. Upon retrieval, the remaining POP balls were rinsed with fresh water, dried in the oven at 60°C, and weighed to a constant weight. To determine the diffusion factor, the average final weight (dry wt of POP balls in the field) was compared with the average final dry weight of POP balls suspended in a bucket of motionless seawater of equal salinity placed in the laboratory for 24 hours. Water samples for the determination of nitrate and phosphate levels were collected 20 cm below the surface of seawater at each site every fortnight using five 125 ml high density polyethylene bottles. The samples were fixed immediately with mercuric chloride, labeled, and stored in a cooler box at 4°C before being transported to the laboratory for analysis using the Technicon Auto Analyzer II system as described by Parsons et al., (1984) .
The macro epiphytes were identified in the field using a field guide to seaweeds and seagrasses (Oliveira et al., 2005) , while the herbivorous fish were monitored by swimming and were visually identified using the field identification guide to the living marine resources of Kenya (Anam and Mostarda, 2012) .
Data analysis
All data were analyzed using Microsoft Excel and Minitab 17 Statistical Software (2010) for tabular and graphical presentations. Significant differences in relative growth rates between species, sites and culture techniques were determined using t-tests. The Pearson's product-moment correlation test was used to determine the relationships between relative growth rates of cultured E. denticulatum, K. alvarezii for the two culture techniques, and environmental factors (P < 0.05). During the study period the diffusion factor (water motion) was in the range of 1.5 -5.4 with a mean of 3.6 ± 0.9 on the southern coast of Kenya. The means were highly varied over the ten months with the highest (4.2 ± 0.5) being recorded in March, and lowest in January Herbivory (%) 6.2 ± 0.9 11.4 ± 0.9 0.001 Epiphytic load (%) 4.6 ± 0.1 10.9 ± 1.0 0.001
Results
Seaweed and environmental variables
Means are significant at P ˂ 0.05 Table 2 . Thallus N (%) and P (%) and biotic factors affecting the growth of E. denticulatum and K. alvarezii on the southern coast of Kenya (Mean ± (Table 1) , and no significant difference in thalli N (%) and P (%), and nitrates (µmoles -l) between species (Table 2 ) and between culture techniques (Table 3 ).
The percentage 'ice-ice' syndrome, herbivory and epiphytic load were higher at Kibuyuni than at Mkwiro (Table 1) , higher in K. alvarezii than in E. denticulatum (Table 2) , and higher in the FR than in the MB culture technique (Table 3) The relative growth rates of both species were higher in the FR technique than in the MB technique at both sites (Fig. 10 ). The figure also shows that the growth rate of E. denticulatum was higher than K. alvarezii at both sites. When the growth rates achieved by each species cultured under each techniques were compared, it was established that RGR of E. denticulatum cultured using the FR technique was not significantly higher than that achieved when cultured under the MB technique at Mkwiro (P = 0.231), but differed significantly at Kibuyuni (P = 0.039). On the other hand, Means are significant at P ˂ 0.05 Table 3 . Thallus N (%) and P (%) of seaweeds, diffussion factor and biotic factors measured in the Modified off-bottom (MB) and the Floating raft Correlation coefficients of the RGR of the two seaweed species with environmental and seaweed parameters are presented in Table 4 . Several of the correlation coefficients were statistically significant at P ˂ 0.05 and at P ˂ 0.01.
Relative growth rates of eucheumoids
There was a positive correlation of RGRs of both eucheumoids with diffusion factor and water nitrates, and negative significant correlation with maximum water temperature, % plant loss, % 'ice-ice' syndrome, found between the RGR of E. deticulatum with the diffusion factor, all the other significant correlations were weak.
Discussion
The monthly trends in seaweed growth rates observed in this study, in which high growth rates occurred in September at Kibuyuni and October at Mkwiro, and the lowest between December and February, are typical of seasonal variations of eucheumoid growth rates observed in previous studies. For instance, in Igang Guimaras, Philipines, the growth rate of E. denticulatum was found to increase during the cool months of April and May (Ponce, 1992). Mollion and Braud (1993) found increased growth rate of E. denticulatum between R is significant at P ˂ 0.05 Table 4 . Correlation coefficients of eucheumoids relative growth rates and environmental parameters on the southern coast of Kenya. warmest period of the year between October and May (Ohno et al., 1996) . A 63 % decrease in growth rate of K. alvarezii reported in Vietnam also coincided with the warmest month (August) of the year (Ohno et al., 1996; Saleh et al., 2016) . High growth rates of K. alvarezii was also reported to occur between the southeast wind blowing period (April to December) in Fiji, while low growth rate was observed from January to March (Prakash, 1990) . On the southern coast of Kenya, Wakibia et al. (2006) Previous studies have attributed site differences of eucheumoid growth rates to water quality parameters such as water motion (Wakibia et al., 2006) . However, the results of the analysis shown in Table 1 indicate that there was no significant difference in diffusion factor between the two sites, but biotic factors including % herbivory, % epiphytes and % 'ice-ice' syndrome were significantly higher at Kibuyuni than at Mkwiro.
These factors were therefore presumed to have fundamentally influenced variation in RGRs between
Mkwiro and Kibuyuni. The negative effects of biotic factors on seaweed growth rate have been cited in previous studies (Msuya et al., 2014; Hurtado et al., 2014) .
The maximum growth rate of 5. (Msuya et al., 2014) . However it was lower than the 7 -9 % d -1 reported by Ohno et al. (1996) in Vietnam, and the 10.7 % d -1 reported by Paula et al. (2002) , and the 4.4-8.9 % d -1 in Zanzibar, Tanzania (Dawes et al., 1994) . Most importantly, the growth rate of E. denticulatum was above the recommended commercial rate of 3.5 % d ¯¹ set by Doty (1987) , and below this for K. alvarezii. The high variation in RGR between the species could have resulted from the difference in sensitivities to water temperature. The fact that K. alvarezii registered encouraging growth only during the cold period while the growth of E. denticulatum was relatively stable throughout the year under the two culture techniques could justify this explanation. However, several explanations have been made for these variations including difference in species' capabilities of tolerating wide range of ecological factors (Glenn and Doty, 1992) , response to water motion (Wakibia et al., 2006) , their morphological variability (Doty, 1987) , and the underlying cell physiology and cell wall responses to the surrounding environment (Hurtado et al., 2014) .
The production of H 2 O 2 by E. denticulatum as an oxidative burst was suspected to be part of its chemical defense mechanisms against epiphytic attack (Collen et al. (1994) . Since this study never investigated the production of H 2 O 2 by both eucheumoids, our explanation could only be limited to the analysis conducted.
The negative correlation between epiphytes (%) and reported in previous studies in Tanzania (Msuya and Kyewalyanga, 2006) and Kenya (Wakibia et al., 2006) .
However, according to Fujita (1985) , some seaweed species overcome the effect of epiphyte infestation by storing enough nitrogen to allow them to grow at maximal rates for several days.
Although this study observed significantly lower levels of herbivory, epiphytes and 'ice-ice' syndrome in E. denticulatum than in K. alvarezii, it was not possible to accurately establish the cause of these variations since studies on the defense mechanisms of these species was not part of our investigation. Furthermore, the negative correlations between the RGRs of both species with maximum water temperature, water phosphate, 'ice-ice' syndrome (%), herbivory (%) and epiphytic load (%), were significant, but weak, suggesting that other confounding factors could be contributing to the species difference. Future research should therefore be focused on investigating possible distinguishing physiological and morphological characteristics in E. denticulatum and K. alvarezii that could be influencing resilience to extreme ecological conditions. 
